This Article proposes a new method of reducing the costs administrative agencies incur in monitoring regulatory compliance by a firm that operates multiple sources of risk, such as air-polluting smokestacks. The expense of individually monitoring such sources directly may consume a large share of the agency's enforcement budget. Under our proposal, regulators would instead randomly select one of the firm's sources of risk, determine the firm's liability at that source, and apply that outcome perforce as determinative of liability at all of the sources. The proposal significantly reduces monitoring costs because agencies need to monitor only one source of risk to replicate the deterrence generated by the source-by-source approach that regulators currently use. To indicate the potential benefits, we apply the proposal to EPA monitoring of compliance with regulations limiting pollution under the Clean Air Act. We also address potential risk-bearing and judgment-proof costs associated with the use of our proposal and explain how both problems can be solved.
I. INTRODUCTION
This Article proposes a method of reducing the costs administrative agencies incur in monitoring regulatory compliance by a firm that operates multiple sources of risk, such as air-polluting smokestacks. The expense of individually monitoring such sources directly (a common enforcement strategy we refer to as "iterative monitoring") may consume a large share of the agency's enforcement budget. At some point, as the number of regulated sources increases, budgetary constraints may force the agency to choose between allocating resources to iterative monitoring or to other enforcement priorities. If both courses of action would yield a net enforcement benefit, the agency's choice of one over the other necessarily sacrifices socially desirable deterrence. 1 To remedy this problem, we propose a new method of random sampling that an agency can use in place of iterative monitoring to achieve the same level of deterrence at a fraction of the cost. 2 Specifically, under our proposal regulators would randomly select for monitoring only one source from among the total number that the firm operates. 3 Upon determining the amount of liability at the selected source, the agency would apply that outcome perforce as determinative of liability for all regulated sources-the unselected sources as well as the selected source. 4 Our method confronts the firm with the same aggregate expected liability across all regulated sources as it would face if those sources were monitored iteratively. Both strategies thus provide the firm with the same incentives for compliance; but, in determining liability at only one among many sources, our proposal achieves this deterrence result at a fraction of the cost of iterative monitoring.
Consider a firm operating a fleet of five trucks subject to a regulation requiring that all trucks have commercial registrations. Assume that an agency imposes liability of $100 upon the firm for each unregistered truck, and that two of the firm's trucks are unregistered. The agency could choose to iteratively monitor the firm's trucks, i.e., inspect each for the appropriate registration; given that two are unregistered, it would assess total liability of $200. Instead, under our proposal, the agency could randomly select a single truck, determine the firm's liability for that truck, and apply that outcome as determinative of liability for all five trucks. If the agency randomly selected an unregistered truck, the firm would bear total liability of $500 ($100 x 5 trucks); if the agency selected a registered truck, the firm would bear total liability of $0. Notably, using our approach, the firm would be subjected to the same aggregate expected liability of $200-a 40% chance of $500 in total liability and a 60% chance of $0 in total liability-as it would via iterative monitoring, but the agency would only have to inspect one truck to produce that result.
Our proposal, which we call "single-outcome sampling" ("SOS"), can replace iterative monitoring without compromising deterrence, while saving considerable administrative expense. The key to this result is that the firm faces the same aggregate expected liability under SOS as it would under iterative monitoring. 5 SOS is an application to the administrative context of the standard theory of law enforcement according to which it may be socially optimal to reduce enforcement cost by lowering the probability of detecting violations while raising the magnitude of sanctions to maintain deterrence. 6 Agencies have applied this theory to reduce monitoring cost without sacrificing deterrence principally by randomly sampling multiple sources to impose a statistically appropriate level of average liability 7 or by offsetting a lower 5 We assume throughout that reducing the number of monitored sources will reduce monitoring costs, and proceed to analyze the benefits of SOS on this assumption. Thus, whether or not the agency is optimally policing compliance by iteratively monitoring, we assume that SOS will save monitoring cost by reducing the number of sources the agency monitors without compromising the level of deterrence the agency would achieve through iterative monitoring. Where deterrence is suboptimal as a result of high monitoring costs, SOS may also improve incentives for regulatory compliance. See infra text accompanying note 49. ). An early application of this literature to the administrative context was set forth in Diver, supra note 1, at 1467.
probability of detection with increased sanctions. 8 Under the former, the agency must determine the statistically appropriate size of the sample, while the latter requires it to determine the appropriate ratio between the sanction and the probability of detection. In contrast, SOS duplicates incentives for compliance without placing any additional informational or decisional burden on the governing agency.
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SOS is readily generalizable across a variety of regulatory regimes. The proposal applies whether the criterion for determining liability is strict liability or a negligencetype cost-benefit analysis. SOS also applies whether regulatory standards result in the firm taking standardized or customized compliance measures. The advantages of SOS hold whether the regulatory requirement is set for each source individually or for all sources in the aggregate. And, in addition to reducing the number of sources of risk monitored at a particular point in time, SOS can reduce the frequency of such monitoring.
In Part II, we describe the mechanics of SOS and its various basic applications. To indicate the potential benefits of SOS, in Part III we apply the proposal in the context of EPA monitoring of compliance with regulations limiting pollution under the Clean Air Act. 10 The EPA relies on direct inspection of sources of such pollution to determine whether firms are in compliance with emissions standards, but the agency monitors far fewer sources with far less frequency than Congress authorized and EPA regulations mandate. 11 We show that, by adopting SOS, the EPA could not only secure the same compliance at lower cost, but also substantially expand its regulatory program.
In Part IV, we consider potential costs of applying SOS to cases in which SOS might confront a firm with the possibility of incurring substantial total liability. In 4 particular, the prospect of incurring significant total liability might increase the firm's risk-bearing cost (to the extent that the firm is risk averse) or decrease its incentives for compliance (to the extent that the firm anticipates that it will be judgment-proof). We explain that the agency can address these problems by permitting wider sampling of the firm's sources. Part V concludes by describing possible extensions of our proposal to a variety of regulatory regimes and to the civil liability context.
II. THE SOS MECHANISM
We begin by explaining how SOS replicates deterrence under iterative monitoring ("IM") for agencies determining compliance with regulations based on strict liability. We then demonstrate that the benefits of SOS extend to negligence-based regulations, whether such regulations call for standardized or customized precautions. 12 We also show that SOS applies whether the agency sets the negligence standard of compliance at each source individually or on a multi-source, aggregate basis. Finally, we explain how SOS can be used to further reduce monitoring costs by lessening the frequency of monitoring regulatory compliance.
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A.
Strict Liability
Strict liability provides a straightforward basis for demonstrating how SOS replicates the aggregate expected liability produced by iterative monitoring. While offering notable advantages over liability based on a negligence-type cost-benefit analysis, 14 strict liability is relatively infrequently used in the regulatory context. 15 The application of SOS to strict liability, however, will reduce its administrative costs and may therefore render the strict approach more attractive to regulators.
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To illustrate how SOS produces the same aggregate expected liability as would IM when assessing liability strictly, consider a firm operating two factories, A and B, each producing 10 and 20 units of a regulated chemical, respectively. Assume that, under IM, the agency monitors the output at each factory and imposes $1 in liability for each unit of the chemical produced. 17 Expecting each result with 50% probability, the firm anticipates aggregate liability of $30-the same as the firm expects under IM. Facing the same aggregate expected liability under IM and SOS, the firm has the same incentives to comply under both.
B. Negligence
Negligence is a ubiquitous administrative standard for determining liability 18 that entails a complex cost-benefit analysis. 19 Administrative enforcement of negligencebased liability for firms operating multiple sources of risk typically requires judgments about the reasonableness of source-specific precautions and corresponding benefits. Typically, negligence-based regulations are enforced by means of iterative monitoring.
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SOS can replace iterative monitoring and achieve the same deterrence effects even when liability is determined under a negligence standard. Because SOS portends the same aggregate expected liability as the firm faces under IM, the firm's incentives for compliance will be the same under SOS.
As we explain below, SOS applies to a variety of negligence-based regulatory regimes. First, we show that the proposal applies to a negligence regulation that would lead the firm to take standardized compliance measures across all of its regulated sources. We then explain how SOS applies to a negligence regulation that would lead the firm to take source-specific or customized compliance measures. Finally, we show how, with a minor modification, SOS applies to a negligence regulation that evaluates all of the firm's risky activity against an aggregate standard of reasonableness.
1.

Standardized Compliance
First, consider a negligence-based regulation resulting in the firm taking the same compliance measures at all of its regulated sources. Assume that it would be socially optimal for a firm operating two sources of risk to install a safety device at each costing $8 to prevent harm of $9, and that the agency will impose liability of $9 for each instance of non-compliance. 21 The firm's aggregate expected liability and corresponding total expected cost of compliance given various levels of compliance are set forth below: Under IM, the agency inspects both sources to determine the firm's level of compliance, and would impose aggregate liability of $0, $8, or $16 based on findings of full, partial, or zero compliance, respectively. Under SOS, the agency inspects only one randomly selected source; but by automatically applying the liability outcome to both regulated sources it would impose aggregate liability of $0, $8, and $16 based on findings of full, partial, or zero compliance, respectively.
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Note that SOS and IM confront the firm with the same aggregate expected liability corresponding to each level of compliance, but in contrast to IM, SOS achieves this result without requiring the agency to determine the firm's compliance at both sources. 24 Because the firm faces the same aggregate expected liability under IM and SOS, both approaches motivate the firm to take the same level of compliance (in this example, compliance at both sources), for doing so minimizes the firm's aggregate expected liability as well as total expected costs. 
2.
Customized Compliance
Now consider a negligence-based regulation that results in the firm customizing compliance at one or more sources of risk. Assume, for example, that the firm in the above example is subject to regulation requiring compliance measures costing $6 at source A and $10 at source B to prevent harm of $8 and $12 at each source, respectively. Assume also that the agency will impose liability of $8 if the firm fails to take precautions at source A and $12 if the firm fails to do so at source B. The firm's aggregate expected liability and corresponding total expected cost of compliance at each level of compliance are described in the following total liability of $9, or the sum of (50% x $18) and (50% x $0). If the firm chooses noncompliance at both sources, it faces expected liability of $18, as the regulator will with certainty select a noncompliant source and impose total liability of $18. Thus, under SOS-as under IM-the firm minimizes expected total liability by full compliance.
Under IM, the firm minimizes its exposure to negligence liability (to $0) by full compliance, i.e., by taking the required customized precautions at both sources. Partial compliance results in liability of $12 or $8 (for compliance at only source A or only source B, respectively), and noncompliance results in liability of $18. Because the firm also minimizes total expected costs (to $16) by complying at both sources, the firm will be led to comply fully with the regulation under IM.
The firm faces the same expected liability and total costs, and thus will be induced to take the same compliance measures, under SOS. Under SOS, the firm minimizes aggregate expected liability (to $0) by full compliance. 26 The firm also minimizes total expected cost under SOS by complying with the regulation at both sources.
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Because SOS imposes greater liability for noncompliance at the randomly selected source than would IM for non-compliance at that source, it might be thought that the firm would be led to invest excessively in compliance at that source. But while SOS imposes greater liability than IM at such a source ex post, both SOS and IM generate the same ex ante expected liability and hence the same incentives for compliance at each source and for the firm in the aggregate. For example, if the firm in this example chooses to comply at source A only, under IM it faces liability of $12. The same is true under SOS. A firm complying only at source A faces the prospect that the agency will impose $24 in liability in the event that the agency randomly selects the non-compliance source B. This result does not lead the firm to take greater precautions at source B, however, because under SOS the firm internalizes that outcome with a 50% probability. Because it also internalizes the 50% chance that the agency will select the compliant source A and impose $0 in liability, the firm anticipates aggregate liability of $12 for its failure to comply at source B.
Thus, under SOS-as under iterative monitoring-the firm minimizes its liability and its total costs by complying fully with a regulation requiring customized precautions 26 If the firm complies at source A only, it faces a 50% chance that the agency will select A (imposing $0 in liability) and a 50% chance that the agency will select B (imposing $24 in liability), and therefore expects $12 in aggregate liability (the sum of (50% x $0) and (50% x $24)). Similarly, if the firm complies at source B only, the firm will face a 50% chance that the agency will select source A (imposing $16 in liability) and a 50% chance that the agency will select source B (imposing $0 in liability), and thus will expect aggregate liability of $8 (the sum of (50% x $16) and (50% x $0)). Finally, if the firm complies at both sources, it expects-as it does under IM-that no liability will be imposed. 27 As explained above, see supra note 26, if the firm complies at source A only, it expects liability of $12; including $6 in compliance costs, the firm expects total costs of $18. If the firm complies only at source B, it expects liability of $8; including $10 in compliance costs, the firm again expects total costs of $18. If the firm chooses total noncompliance, it faces expected liability-and total costs, as it pays nothing in compliance costs-of $20. Finally, if the firm complies with the regulation at both sources, it expects no liability; including the costs of compliance at both sources, it expects total costs of $16.
at the firm's sources of risk. In addition, use of SOS does not lead the firm to take different precautions than it would under iterative monitoring.
3.
Aggregate Liability
Aggregate liability refers to regulations in which the agency ex ante specifies the reasonable level of risk collectively for all sources, and ex post iteratively monitors the risk output at each source to assess liability by comparing the total to the collectively specified level. 28 Aggregate liability regulation is generally thought to reduce the costs of regulatory compliance because it permits the firm to select the most efficient means of meeting the aggregate risk standard for all sources covered by the regulation. 29 While reducing the costs of compliance with regulatory standards, however, aggregate liability does not reduce the costs of monitoring whether a firm is in compliance, for regulators must still engage in an ex post measurement of risk at each source, sum the risk levels at all covered sources, and compare the total to the regulatory standard.
A slightly modified version of SOS can replace ex post iterative monitoring as a means of monitoring compliance with aggregate liability regulations. The modification requires the firm to specify, at some point before the agency randomly selects a source for monitoring, the risk output at each of the firm's sources that will result in compliance with the agency's cumulative limit. 30 Under SOS, regulators would randomly select a source, determine liability at that source based upon the difference between the specified and observed risk, and apply that liability outcome perforce to all regulated sources. 31 28 The aggregate-liability approach is essentially a variation on the negligence rule. We address this approach separately because some agencies, and particularly the EPA, consider it an efficient alternative to individual-source, negligence-based regulation. See infra text accompanying notes 58-59. The approach is often referred to as "bubble" treatment of multiple sources; the term is commonly associated with EPA regulations in the emissions context. See Chevron v. Nat'l Res. Def. Council, Inc., 467 U.S. 837 (1984) . It should be noted that aggregate liability does not imply use of iterative monitoring; the agency could assess the total risk ex post and compare it to its aggregate benchmark. 29 The firm need not comply with agency specified technology and risk limits at individual sources; instead, it must only ensure that its total risk from all covered sources does not exceed the standard set forth by regulators. The firm will therefore reduce the risk at sources where the marginal cost of reducing risk is lowest and increase risk where marginal costs are high, reducing compliance costs. See generally TOM TIETENBERG, ENVIRONMENTAL AND NATURAL RESOURCE ECONOMICS 349 (2d ed. 1988); see also TOM TIETENBERG, EMISSIONS TRADING: AN EXERCISE IN REFORMING POLLUTION POLICY 52 (1985) . 30 The specification requirement under SOS will not impose costs on firms beyond those already incurred under IM because firms must determine the risk output at each source as a necessary step to determining the least-cost means of complying with the aggregate risk limit set by the agency. In practice, agencies employing aggregate liability regulation generally require firms to disclose expected risk outputs at each regulated source as a condition for agency authorization to engage in the risky activity. For a discussion of this point in the EPA context, see infra note 59. 31 The SOS modification is necessary because, without a basis for evaluating liability at each source, SOS will not replicate deterrence under IM where the SOS procedure results in a risk outcome below the aggregate-liability standard set by the agency. To see this, consider a firm with two sources, A and B, each Consider again a firm with two facilities, A and B, each producing a regulated chemical. Assume that the agency sets the aggregate limit for production at 16 units, that the regulator imposes liability of $1 per unit in excess of that limit, and that the firm specifies that it will produce 8 units of risk at each factory. 32 Finally, assume that the firm has three alternatives with respect to its level of precautions, with correspondent chemical outputs and liability costs. These factors and the firm's total expected costs related to each production choice are summarized in the following Under IM, the firm faces aggregate expected liability of $0 if it chooses full compliance; $17 if it complies at only one source; and $34 if it does not comply at either source. We assume that a rational, profit-maximizing firm will choose the level of compliance that minimizes its total costs. In this example, such a firm will comply fully in order to minimize its aggregate expected liability and hence total costs.
The firm faces identical aggregate expected liability in each compliance scenario under SOS. If the firm complies fully, it faces expected liability of $0; if it complies at one source, it expects liability of $17, and if it chooses total noncompliance, it expects that the agency will impose $34 in liability. 33 Under SOS, the firm minimizes its producing 10 and 5 units of risk, respectively, subject to an aggregate-liability limit of 15 units of total risk, and supervised by an agency that will impose $1 in fines for risk in excess of that limit. Under IM, the firm expects aggregate liability of $0. Under SOS without specification, the agency would apply the risk outcome at the selected source as determinative of risk at unselected regulated sources. Thus, under SOS without specification, the firm would face a 50% probability that the agency will select source A, find 5 units of excess risk (applying the risk at source A, or 10, to source B, for total risk of 20, five units above the aggregate standard), and impose $5 in liability; and a 50% probability that the agency will select source B and impose $0 in liability. The firm's aggregate expected liability would be $2.50, greater than its aggregate expected liability under IM. This problem could also be addressed by requiring regulators to pay or credit firms where the SOS procedure results in a total risk determination less than the cumulative standard set by the agency. Whether this approach or the specification modification would be less expensive for firms and regulators is an empirical question beyond the scope of this Article. 32 Rational, profit-maximizing firms will have little to gain from inaccurate ex ante specifications where firms are required to specify risk levels that comply with the total cumulative standard set forth by the agency. Any other approach will increase the firm's costs in the event that the regulator selects a noncompliant source.
aggregate liability and hence its total costs by complying fully. 34 Thus, as under IM, the firm facing SOS would be led to select full compliance. Note, however, that SOS results in the firm choosing an identical compliance strategy as it selects under IM while requiring monitoring of just one source of risk.
C.
Frequency of Liability Determination
In addition to setting the method for determining liability and the magnitude of liability, regulators in many contexts also choose the frequency with which liability will be assessed. SOS replicates the firm's expected liability over a series of monitoring periods while reducing the frequency of monitoring. To apply SOS in this context, regulators would determine the firm's liability at a particular point in time and apply that determination perforce to all other time periods during which the firm would otherwise be subject to iterative monitoring.
To see this, consider a firm operating a single source of risk, and assume that the level of risk at that source varies over time: at t=1, the source creates 10 units of risk, while at t=2, the source creates 20 units. Assume, too, that regulators will impose liability of $1 for each unit of risk at each point in time. 35 The following Under SOS, rather than monitor at both t=1 and t=2, regulators will randomly select one time period, determine the firm's liability at that point in time, and apply that liability determination to both periods. If the regulator monitors at t=1, it will impose liability of $10; applying that result to time 2 as well, it will impose total liability of $20. If the agency monitors at t=2, it will impose $20 in liability and thus impose liability of $40 for both periods. Anticipating each outcome with 50% probability, the firm's expects aggregate liability of $17. Finally, if the firm chooses total noncompliance, it expects with certainty that the regulator will select a noncompliant source and impose $17 in liability at that source and $34 in total liability-and thus the firm expects aggregate liability of $34. 34 The firm's total costs under SOS are identical under each compliance alternative to the firm's total costs under IM. If the firm chooses full compliance, its total costs are $14, including $14 in compliance costs and $0 in expected liability. If the firm chooses partial compliance, its total costs are $24, including $7 in compliance costs and $17 in expected liability. Finally, if the firm chooses total noncompliance, its total costs are $34, including $0 in compliance costs and $34 in aggregate expected liability. 35 For ease of illustration, we assume that the regulator imposes liability strictly based on the level of risk during each monitoring period. We note, however, that SOS could also be used to reduce the frequency of negligence-based determinations of liability. aggregate expected liability under SOS is $30-precisely the same as under iterative monitoring.
The application of SOS to periodic monitoring will be straightforward in cases in which the agency can randomly select a any time period in the relevant series -first, last or any interim interval -and impose liability without distorting the firm's incentives for compliance. If, however, the agency randomly selects any time period before the last and the firm is able to alter its compliance strategy for the ensuing period(s), 36 there is some risk that the firm will lack optimal incentives for compliance thereafter, given that its liability for the future period(s) has been determined by monitoring that has already taken place.
An agency can address this problem in two ways. First, where reliable records are available during all relevant periods, the agency can wait to the last period in the series and then randomly select one of the periods for monitoring and apply the liability determination to all periods. Where such records (or functional equivalent) are not available, the agency could apply the liability outcome during a randomly selected period only to preceding periods of time.
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Whether agencies should assess liability at individual sources or in the aggregate; whether they should employ a negligence-based or strict-liability approach to determine liability; or whether monitoring is calibrated in sources, time periods, or otherwise are matters beyond the scope of this Article. Our point is simply that SOS can replicate the deterrent effect of IM regardless of how the agency might resolve those questions. As we explain below in Part III, SOS does so at lower regulatory cost to firms as well as agencies such as the EPA.
III. BENEFITS OF SOS: THE CASE OF THE EPA
The principal benefit of SOS is a significant reduction in the cost of monitoring compliance with regulatory standards without affecting incentives for compliance. SOS generates substantial cost savings for a straightforward reason: under SOS, the regulator monitors only one source, while under the corresponding regime of IM it must monitor 36 Of course, the firm must also be aware that the agency has selected a previous period as determinative of liability. In many regulatory contexts, the firm may not know or may be kept unaware of the period of time selected for monitoring. 37 Alternatively, the agency could randomly choose to monitor each period in the series with a 50% probability (or with any other probability), and offset the reduced chance of detection by multiplying any liability imposed during the selected periods by 2 (or 1/.5, the reciprocal of the given probability selection). every regulated source operated by the firm. The cost savings generated by SOS can be reduced to the simple expression 1-(1/n), where n represents the total number of sources controlled by the firm. Thus, the benefits associated with SOS increase in a linear fashion as the number of sources controlled by each firm increases. These savings may generate additional enforcement gains if regulators redeploy resources freed up by SOS for other pressing, but underserved, regulatory priorities.
We expect that agencies employing SOS will significantly reduce the monitoring costs they face under iterative monitoring. In this Part, we briefly examine the savings SOS would generate if used by the Environmental Protection Agency ("EPA") in regulating emissions from "stationary sources" of airborne pollutants, such as industrial smokestacks. 38 In general, the EPA specifies the type of precautions required at each source based on a negligence-type, cost-benefit analysis, 39 and ensures compliance with these precautions by iteratively monitoring each regulated source. 40 Monitoring every source of potential pollution in the United States, however, would in all probability be prohibitively expensive. As a result, Congress has limited EPA oversight to "major" sources, defined as "any stationary facility or source of air pollutants which directly emits, or has the potential to emit, one hundred tons per year of any air pollutant." 41 There are approximately 22,000 such sources in the United States. although the distribution of sources among firms likely varies by industry, geography, and scale of the firm.
The burden of iteratively monitoring thousands of major sources has led the EPA to reduce the frequency of such monitoring. Currently, the agency aims to test each source at least once every five years. 44 Even given this reduced monitoring frequency, however, the EPA's schedule calls for spending more than $130 million per year. 45 Nevertheless, the EPA has failed to keep up with even this prolonged schedule. 46 It is apparent, then, that the EPA could reap substantial benefits by replacing its iterative monitoring of stationary sources with single-outcome sampling. Indeed, given the EPA's estimated average of four sources per firm, 47 . 45 Our estimate assumes that the average expense of directly monitoring a stationary source is $30,000, see OVERSIGHT OF STATE STACK TESTING, supra note 43, at 2-3 (estimating the costs of such monitoring at $10,000 to $50,000 per source), that 22,000 sources are subject to such monitoring, and that each source is monitored once every five years. EPA and state regulators pass these costs on to regulated firms, see id. at 3, who are statutorily required to pay for the reasonable costs of enforcing permits issued under the Clean Air Act, see 42 U.S.C. § 7410(a)(2)(K). Because firms must themselves prepare for on-site inspections as well as reviewing the regulators' findings, the costs of iterative monitoring of emissions compliance may well be higher than those described here. 46 According to a recent study, only 14% of major sources were tested even once within a 10-year period. See OVERSIGHT OF STATE STACK TESTING, supra note 43, at 10 (drawing this conclusion from an analysis of EPA's nationwide stack-testing database); see also EPA OFFICE OF THE INSPECTOR GENERAL, REGION SIX'S OVERSIGHT OF NEW MEXICO ENFORCEMENT DATA 7 (1998). 47 See supra note 43. 48 The precise magnitude of the savings, of course, may be greater depending on whether larger-scale firms operate more sources than the average described here. In any event, these savings should prove significant for an agency frequently described as "desperately short" of enforcement resources. resources to ensure that the EPA adheres more closely to its stated schedule for inspections 49 or to fund other enforcement priorities that are currently underserved.
SOS may also permit the EPA to make greater use of strict liability or aggregateliability regulations. Notwithstanding the apparent efficiencies of these modes of regulation in comparison to negligence-based, source-specific regulation, 50 Congress and the EPA have confined use of strict 51 and aggregate liability (or "bubble") 52 regulation.
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Commentators have noted that significant monitoring costs attendant to such regulations may have caused the EPA to refrain from making greater use of strict liability and aggregate-liability regulations. 54 By reducing the monitoring costs associated with strict liability and aggregate-liability regulations, SOS may permit the EPA and lawmakers to consider wider use of these enforcement approaches. 49 Of course, SOS could also be applied to reduce the frequency of EPA's inspection while replicating deterrence under the current enforcement approach. See supra Part II.C. 50 Several commentators have argued that the cost-benefit, command-and-control regulatory structure of most EPA regulations is administratively burdensome. See, e.g., Shi-Ling Hsu, Fairness Versus Efficiency in Environmental Law, 31 ECOLOGY L.Q. 303, 379 (2004) (describing the administration of the EPA's "traditional 'command-and-control' regulatory structure" as "difficult, time-consuming, and costly," and noting that EPA is responsible for setting discharge standards for more than twenty-seven different types of pollution sources under one provision of the Clean Water Act alone). 53 The EPA's regulations are almost exclusively "standard-setting," such as those under the Clean Air Act, see Shore Realty Corp., supra note 51, at 1041; CERCLA is an exception to this general rule. See id. Similarly, bubble regulations apply to just 1% of the stationary sources in the United States. Thus, notwithstanding the significant benefits of "bubble" treatment of multiple sources, see supra note 29, several commentators have concluded that "the net impact of bubbles on environmental quality has not been significant." Hahn & Hester, supra note 52, at 129; see also id. at 129 n.105 (describing internal EPA analysis noting that "bubble" treatment has generated surprisingly small benefits). 54 
See, e.g., DANIEL H. COLE, POLLUTION & PROPERTY 82 (2002).
In particular, the EPA has long resisted calls 55 for expanded use of strict liability in the form of taxes calculated on the basis of units of pollution or risk. 56 One objection has been that the benefits of such a regime would be outweighed by its administrative costs, including the cost of iteratively monitoring to assess the tax at every source of risk rather than only those sources presenting a readily identifiable breach of the prescribed regulatory standard. 57 Application of SOS to strict liability taxes will, as we have shown, maintain deterrence at the level achieved by IM, but reduce monitoring cost by orders of magnitude. This should render such taxes a more palatable regulatory alternative.
EPA use of aggregate-liability, or "bubble," regulation also appears to have been curtailed due to the significant costs of iterative monitoring. 58 Use of SOS would permit the EPA significantly to reduce these costs; and, because under current law firms seeking bubble treatment of multiple sources must disclose target emissions at each source, 59 SOS would impose no additional costs on regulators or firms. Switching to SOS would reduce the costs of monitoring compliance with bubble-based emissions limits without altering firms' incentives for compliance with those limits. This reduction in cost should make bubble regulation far more attractive as an enforcement strategy.
In sum, the EPA's use of SOS rather than its current practice of iterative monitoring would produce three significant benefits. First, SOS would reduce the costs of monitoring compliance under the predominant enforcement strategy of negligencetype, individual-source regulation. Second, the agency could reallocate these resources to address underserved regulatory objectives. Finally, by reducing monitoring cost, SOS may enable the EPA to extend its use of alternative modes of regulation, including strict taxes and bubble-based regulation. In the next Part, we consider potential costs of adopting the SOS solution.
IV. POTENTIAL COSTS OF SOS
In this Part, we address risk-bearing and judgment-proof costs associated with the use of SOS. Both costs arise from the possibility that SOS may in some cases produce highly variable liability outcomes, which might include the threat of an outlier result imposing so much total liability as to consume much or even all of the firm's wealth. First, the prospect of large total liability relative to its assets may burden a risk-averse firm with increased risk-bearing costs.
60 Second, if total liability might exceed the firm's assets, use of SOS may compromise deterrence because the firm, anticipating that it might be judgment proof from some liability outcomes, may have less incentive for compliance. The potential for such problems to arise is context-specific, depending, for example, on the firm's degree of risk aversion and asset holdings relative to expected liability, 61 and most importantly, on whether they would raise the total costs of SOS above those of the corresponding IM regime. Both problems are, as we explain, amenable to the same solution: wider sampling.
Risk-Bearing Cost
The prospect that SOS might result in the imposition of significant total liability could increase the firm's risk-bearing costs. For two reasons, we think these costs unlikely to be substantial. First, firms are generally structured to minimize the impact of risk on firm assets. 62 Second, insurance for regulatory liability is generally available. Nevertheless, these approaches to managing firm risk may prove expensive, raising riskbearing costs in some cases, perhaps forcing the firm to reduce its liability exposure by inefficiently over-investing in compliance.
The agency can address this problem by providing the option to have the firm's liability determined on the basis of wider sampling. Specifically, this option would be exercisable by the firm; it could choose to have the agency randomly select and 60 We think it is unlikely that the agency would be risk-averse with respect to the opposite outcome, i.e., that no liability will be imposed as a result of random selection of a single source. The mechanical nature of SOS would likely shield the administrator from any political costs associated with such a result. 61 They will also depend on the nature and structure of the regulatory regime as well as on the , and the degree to which liability outcomes may vary under the particular application of SOS. 62 See, e.g., David Meyers & Clifford W. Smith, Jr., On the Corporate Demand for Insurance, 55 J. BUS. 281 (1982) . 63 In the environmental context, such insurance is generally available, at least for regulatory liability incurred accidentally. See, e.g., EPA, Environmental Insurance Policy Coverage and Terms, available at www.epa.gov/brownfields/insurance/ei_insurance_coverage_12405.pdf ("most" insurers offer policies covering " [d] amages (including pollution liability) for acts, errors, or omissions" related to compliance). Although the maximum coverage provided by such a policy would have to be higher for a firm facing SOS than under IM, the premiums paid for such coverage should not rise, because under SOS the prospects for both higher and lower liability outcomes offset each other. determine liability at any number of its regulated sources. 64 In the event the firm chooses to have the agency conduct wider sampling, the average of all liability determinations at the selected sources will automatically determine the firm's liability at all of the firm's regulated sources. 65 Two conditions should govern the availability of this option. First, the option should be made available only before the regulator has randomly selected any source for monitoring. If the firm is permitted to elect wider sampling after it has learned what source the agency has randomly selected in the normal course of applying SOS, the firm might opt for wider sampling opportunistically, diluting deterrence. 66 Second, the firm must pay the cost incurred by the agency in monitoring additional sources. 67 This condition prevents the firm from unnecessarily exercising the option. Charging firms for additional sampling also relieves the agency of the costs of determining whether wider sampling is needed, and promotes deterrence by requiring the firm to internalize enforcement costs associated with its risky activity. 68 In short, the firm will exercise the option for wider sampling only when doing so is socially appropriate.
To illustrate the value of this option to a risk-averse firm, consider a firm with sources A, B, and C. Assume that the sources produce risk of 10, 20, and 30 units at each source respectively, and that the governing agency will assess liability of $1 per unit of $45, $60, and $75 no longer present the firm with the risk that it will be exposed to $90 in liability, eliminating the risk-bearing costs 77 associated with that possibility.
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Whether this firm will choose to have one, two, or three sources randomly sampled will depend, of course, on the relationship between its utility under each alternative and the cost of additional sampling.
79 By providing the firm with the option to choose the number of sources sampled, however, the agency ensures that the firm internalizes the costs of its risk-producing activity without imposing any additional informational or decision costs on regulators.
B.
Judgment-Proof Cost
As SOS is an application of standard enforcement theory explaining that monitoring cost may be reduced by increasing the quantum of sanctions, 80 SOS is susceptible to a common problem associated with such proposals: that total liability calculated under SOS may exceed the firm's assets and liability insurance. This judgment proof problem can compromise deterrence. If the firm anticipates being unable to pay certain high-liability outcomes under SOS, it may reduce investments in regulatory compliance. 81 sources B and C, assessing liability of $20 and $30, respectively, and applying the $25 average liability determination to source A, it will impose $75 in total liability. Finally, if the agency selects sources A and C, assessing liability of $10 and $30, respectively, and applying the $20 average liability determination to source B, the firm expects aggregate liability of $60. The firm expects each outcome with 33% probability, and thus its aggregate expected liability is $60, or the sum of (33% x $45), (33% x 75), and (33% x $60). 77 To see this in terms of the utility calculus described above, see supra note 75, we can calculate the firm's utility under SOS with two sources sampled. If the firm exercises its option to have two sources sampled, it will be exposed either to liability of $45, reducing wealth to $55 and welfare to 7.42, liability of $75, reducing wealth to $25 and welfare to 5.00, or liability of $60, reducing wealth to $40 and welfare to 6.33. The firm expects each outcome with 33% probability, and thus its expected welfare is 6.25, or the sum of (33% x 7.42), (33% x 5.00), and (33% x 6.33). Note that the firm's expected welfare is higher under SOS when two sources are sampled than when a single source is sampled, see supra note 75, because the sampling of an additional source decreases the variability of the firm's aggregate expected liability. 78 If the firm remained concerned about the prospect of $75 in liability-still a possibility under SOS where the firm exercises its option to have two sources selected-the firm could elect to have all three sources selected to ensure that its liability would be exactly $60. 79 In terms of the utility calculus described above, see supra notes 75-77, the firm will compare the marginal costs of the additional sampling with the increase in expected welfare provided by such sampling to determine whether to exercise its option to have two sources sampled. In this case, the firm can pay as much as $3.50 for sampling of the second source and still expect total welfare higher than its welfare when a single source is sampled. If the cost of the second sample were $3.60, however, the firm's expected welfare would fall to 5.94, and the firm would prefer sampling of a single source, see supra note 75. 80 See supra text accompanying note and note 6. 81 We distinguish between this type of judgment-proof problem arising because of variance in liability outcomes, see Rohan Pitchford, How Liable Should a Lender Be? The Case of Judgment-Proof Firms and This problem is unlikely to arise often. 82 Agencies may minimize the likelihood that a firm will be judgment-proof by determining liability on the basis of risk rather than actualized harm. 83 Moreover, small firms-those most likely to have limited assets available-will likely have few regulated sources, reducing the likelihood that SOS will result in the imposition of high total liability. 84 Further, the problem may be mitigated in cases where the frequency of agency inspections effectively reduces the number of sources subject to monitoring at one time. 85 Regulators may also have authority to institute safeguards against the judgment proof problem, for example through minimumasset and liability-insurance regulations. 86 Finally, of course, regulatory liability may not be of sufficient magnitude to raise the possibility that the firm will be judgment-proof.
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Environmental Risk, 85 AM. ECON. REV. 1171 (1995), from the type arising because firms deliberately judgment-proof themselves, for example by encumbering assets with secured debt, see Lynn LoPucki, The Death of Liability, 106 YALE L.J. 1, 14-15 (1996). Here we address only the former, i.e., judgment-proof problems created by the variance in liability outcomes generated by the SOS mechanism. Solutions to deliberate judgment-proofing efforts are well-developed in the literature. See, e.g., SHAVELL, supra note 6, at 232. 85 The EPA's policy of inspecting major stationary sources once every five years, see supra text accompanying note 44, where the sources are subject to monitoring on different schedules, could result in monitoring of a large firm's sources in small groups. For example, a firm operating 20 sources that have come online in different time periods, might be divided into five classes for purposes of the EPA's 5-year inspection schedule would not be exposed to the liability outcome at any particular source multiplied by 20; rather, the firm would annually be exposed to the liability outcome at any source to be monitored that year multiplied by 4. 86 See, e.g., SHAVELL, supra note 6, at 232. See also The Safety Act, 6 U.S.C. §443 (requiring firms that produce designated anti-terrorism technologies to carry reasonable amount of liability insurance). Nevertheless, if a judgment-proof problem arises in a particular case, the agency can again address it by providing an option for the agency to sample more than one source. Here, it would be the agency's option, exercisable before any sampling occurs, to determine the number of sources to be sampled. 88 In the event that the agency exercises this option, the average liability determination at sampled sources would be applied perforce as determinative of liability to all of the firm's regulated sources. The firm would be required to pay for costs additional sampling. 89 In the same way that wider sampling reduces risk-bearing costs for firms, sampling additional sources reduces the likelihood that a firm will be judgment-proof. By exercising its option for wider sampling, the agency can avoid imposing liability that would exceed the firm's assets. Consider again the hypothetical firm in the previous example with three sources, A, B, and C, producing risk of 10, 20, and 30 units, respectively, and assume that the firm is strictly liable for $1 for each unit of risk. Assume further that the firm has $80 in assets. Under IM, aggregate expected liability is $60; because the firm has adequate assets to pay for its total liability, its incentives for compliance are undiluted. Under SOS, the firm anticipates fines of $30, $60, or $90 when sources A, B, and C are randomly selected, respectively; because it anticipates each outcome with 33% probability, its aggregate expected liability remains $60. But if source C is selected, the firm will be unable to pay the $90 fine, and will pay only $80. Thus under SOS the firm internalizes aggregate expected liability of $56.67, 90 and its incentives for compliance may be diluted by the possibility that it will be judgment proof. Now assume that the agency provides and exercises an option for it to choose more than one source for random sampling. Based upon the variance of the firm's $151 million, for an average penalty of just over $94,000. See id. at 711; EPA, FISCAL YEAR 1994 ENFORCEMENT AND COMPLIANCE ASSURANCE ACCOMPLISHMENT REPORT 4-2 (on file with authors). 88 Moreover, to the extent that the agency's determination will be based upon information about the firm's wealth and variance in its outcomes, and the firm will be paying for wider sampling required by the agency, the firm will likely be forthcoming with data on their ability to pay liability outcomes available under SOS.
Where both the firm and the agency elect wider sampling, the agency to avoid the judgment proof problem and the firm to address risk-bearing costs, as a functional matter the agency will select the minimum number of sources to be sampled subject to the firm's option for still wider sampling. For example, where the agency has exercised its option to sample three sources, the firm could elect even wider sampling of four sources, but would not be permitted to choose sampling of just two sources. This ensures that the agency will be able adequately to address judgment-proof problems by opting for wider sampling. liability outcomes and firm wealth, 91 the agency could recognize that the firm's expected liability outcomes may reach $90, exceeding the firm's assets of $80, and require sampling of at least two sources.
As explained in Part IV.A. above, when two sources are sampled the firm faces liability outcomes of $45, $60 and $75. 92 By increasing the number of sources to be randomly sampled to two, the agency ensures that no outcome exceeds the $80 maximum the firm is able to pay. 93 Thus, sampling two sources in this case eliminates the judgment-proof problem. By giving regulators the option to require additional sampling to mitigate the judgment-proof problem, agencies can implement SOS without risk of diluting deterrence.
V. CONCLUSION
In this Article, we have proposed a simple mechanism for reducing the costs of monitoring firms' compliance with regulatory standards. The proposal permits agencies to duplicate the deterrence created by cumbersome, expensive iterative monitoring at a fraction of the cost of the current system. We have also shown that SOS applies whether a regulation imposes liability on the basis of strict liability or negligence; whether the regulation sets forth a standard of care for a single source of risk or for a group of such sources; and may reduce the frequency with which sources of risk are monitored.
We have argued that the benefits of SOS will outweigh potential risk-bearing costs associated with the proposal, and that minor modifications to the SOS mechanism can address any such costs. In addition, we conclude that any dilution of deterrence effects as a result of judgment-proof firms can also be addressed with minor modifications to the SOS procedure. In view of the substantial benefits associated with SOS, we do not think these costs provide a persuasive basis for using expensive and unnecessary iterative monitoring as the exclusive means of monitoring compliance.
Although we have explored the merits of our proposal in general terms, we expect that SOS may reduce the costs of monitoring compliance with a wide range regulatory mandates. For example, SOS could be used by the Internal Revenue Service to reduce the number of tax returns monitored or the frequency with which returns must be reviewed. 94 And, in view of the limitations of the Food and Drug Administration's 91 We do not expect that this modification will impose additional information costs on regulators or firms, as many firms must disclose both their assets and potential regulatory liability in securities or other disclosures required to obtain financing. 92 See supra notes 77-78. 93 Of course, if the firm instead had total assets of only $70, the agency could require sampling of all three sources in order to eliminate the possibility that $75 in liability will be imposed. 94 The IRS has long employed sampling of tax returns to determine statistically significant estimates of compliance rates among certain subpopulations of taxpayers. Using SOS to reduce the number of tax returns monitored or the frequency with which returns are monitored would further reduce monitoring monitoring resources, 95 SOS could permit the FDA to more effectively evaluate compliance with public-health standards. Similarly, SOS could be used by antitrust authorities to reduce the costs of monitoring compliance with antitrust regulations. 96 In addition, SOS might be used by the Securities and Exchange Commission to reduce the costs of reviewing disclosures provided by public firms. 97 Similarly, SOS could be applied to the civil liability context, reducing litigation costs by permitting courts to determine liability in a single case and apply the results perforce to other cases pending against the same firm. Consider application of SOS to traffic accident suits brought under the Federal Tort Claims Act against the U.S. Post Office. 98 SOS could also promote class actions by overcoming the management problems presented by cases involving significant legal and factual differences among class members' claims. 99 
